Surgical site infection (SSI) in spine surgery is a complication that increases not only the time of patient-recovery and the mortality but also the duration of hospitalization and subsequently the total hospital costs. The objective of this review is to identify the preventable risk factors, to reduce SSI in spine surgery. There are several factors that are associated with an increased risk of postoperative SSI. Some of them are associated with the health status of patient (ASA score >2, diabetes, obesity, smoking, urinary tract infection or incontinence, hypertension), while others with the surgical procedure (hand and instrument antisepsis, revision surgery, invasiveness, CSF leak, dural tear, blood loss, transfusion) and the compliance of the patient. Preoperative patient optimization and perioperative strategies can minimize the risk of SSI. Understanding the pathogenesis is essential to develop prevention strategies and improve surgical outcomes.
Introduction
Surgical infections in spine surgery is a complication that can delay wound-healing and recovery, add impairments and increase the morbidity, the mortality and the overall financial constraints 1,2 , Although the prophylaxis against infections has recently improved, the incidence of surgical site infections (SSI) varies from 0,7% to 16% 3 . According to clinical studies, the postoperative wound-infections are the third most commonly hospital infections after pneumonia and urinary tract infection 1, 2 . The infection rate varies according to the relevant published literature, and risk factors are classified as: 1) patient-related factors and 2) procedure-related factors 1, 2, 4, 5 . The latter is further divided into: i) pre-operative, ii) intra-operative and iii) post-operative risk factors 1, 6 . The successful prevention of SSI is inevitably bound up coping with these risk-factors, as up to 60 % as SSIs are preventable by using evidence-based guidelines 1, 6 .
Methods
This review was based on literature obtained from MEDLINE PubMed, the Cochrane Library, Google scholar, medical books and the guidelines of Robert-Koch-Institut in Germany, as published in Springer journals.
Background, definition, and classification
The transfer of micro-organisms to a surgical site causing consequently an inflammation is commonly called surgical site infection (SSI) 7 . Very important for the prevention of SSIs is to understand the epidemiologicalbacteriological profile of SSIs, the pathogenesis of these infections as well as the wound and SSI classification. First of all, as SSIs are defined as all the infections that occur in a surgical site within in 1 month from the operation day or within 1 year for operations with spinal instrumentation. The infection rate of patients was found 3-5% lower in cases where the procedures involved clean wounds, compared with contaminated or dirty wounds and body cavities 8 . The contamination classification 8, 9 of surgical wounds includes 1) Clean wounds, mostly in elective cases with primary closure, without inflammation or invasion of the respiratory, the alimentary or the genitourinary tract. 2) Clean/contaminated wounds, were the procedure involves 47 Prevention of orthopaedic infection in spine surgery JRPMS the above-mentioned tracts, however without evidence of infection.
3) Contaminated wounds, which includes accidental wounds, spillage of gastrointestinal tract or incision in areas with non-purulent inflammation. 4) Dirty (old) wounds with necrotic tissue and clinical signs of infection, were the bacterial pathogens preexisted in the operative field.
The SSIs are classified according to CDCs and NHSN also in: 1) Superficial incisional infections (involving the skin and the subcutaneous tissue). 2) Deep incisional infections (involving deeper soft tissue like fascia and muscles). 3) Organ/space infections (involving any other part of the body that was affected during the surgical procedure) 4,6 .
Bacteriological background
The bacteriological background of the SSIs shows in 35-50% of the cases contamination with Staphylococcus aureus and in 23.02% with Escherichia coli, followed by Pseudomonas aeruginosa (7,9%) and Citrobacter species (7,9%) 5, 9 . The antimicrobial profile showed a sensitivity of gram-positive isolates to vancomycin, teicoplanin und linezolid, whereas the gram-negative isolates showed a susceptibility to meropenem, piperacillin-tazobaktam and amikacin 5 .
Infection with Staphylococcus aureus is associated either with endogenous infection, as it is usually found cohabiting the skin and the nasal flora, or with intra-operative contamination from the environment and/or the surgical staff 1, 5 . MRSAisolates were responsible for 35% of Staph. Aureus infections in primary cases and up to 47% in revision surgery 6 .
Contamination with gram-negative bacteria is associated with surgical procedures of the lower lumbar and the sacral spine 9 . Especially wound invasion with E. coli is a sign of poor hospital hygiene 5 .
Contamination of the wound with Propionibacterium acnes, an anaerobic, slow-growing gram-positive bacterium of the skin flora, is a common cause of delayed SSI and is associated with the use of spinal instrumentation. As the incubation time for growth of this bacterium is prolonged, one needs further and appropriate microbiological handling in cases of suspected infection with it 6 .
Risk factors and prevention measures

Patient-related risk factors
As already mentioned, the risk factors are divided into patient and procedure-related factors 1, 2, 4, 5 . Among the first ones are the non-compliance of the patient, ASA score >2, comorbidities like diabetes mellitus, and obesity with BMI>30-35, cachexia, smoking, urinary tract infection, hypertension, age, anemia, (nasal) colonization with MRSA, malignity and immunosuppression 1, 6 . In order to lessen the risk of SSI in spine surgery an optimization of the patient prior to hospitalization is usually required 1,6 .
Diabetes mellitus and glycemic control
Patients with diabetes mellitus and especially with insulin-dependent DM have increased infection risk usually attributed to peri-operative Hyperglycaemia (>200 mg/ dl) 1 . On the other hand, patients with HbA1C values <7 had according to Hikata et al. 0% infection rate 6 . Furthermore, patients with DM have worse patient-related outcomes up to 2 years after a spine surgery 6 . Thus, adequate glycemic control is strongly recommended both during the preoperative as well as the peri-operative period.
Obesity
Class II obesity is a risk factor for postoperative wound infection 1 . According to Meng et al the infection risk increases already by a BMI>30 kg/m 2 (I class obesity) 6 . An abdominal fat layer of more than 3 cm is associated in any case with a significantly increased infection risk. Therefore for elective surgical procedures in obese patients a weight reduction regime prior to the procedure is usually suggested 1 .
Nutritional status / Cachexia / Malnutrition
The association of the Malnutrition with postoperative morbidity and mortality has been proved. The first metaanalyses of clinical studies have additionally verified the importance of postoperative immunonutrition to the reduction of serious infections and of the hospitalization of patients 1 . Early postoperative enteral nutrition has shown in addition a (non-significant) reduction of wound infection risk in contrast to prolonged postoperative fasting 1 .
Smoking
Smoking delays wound healing and consequently can increase the infection rate 1 . According to Meng et al 6, 10 smoking increases the relative risk of infection 1,17 after spine surgery. In a literature review conducted by Thomsen et al was found that smoking cessation prior to surgery reduced surgical complications by 50%. Smokers that ceased smoking or reduced tobacco consumption 6 weeks prior to a surgical procedure and 10 days after had significant less wound-associated complications (haematoma, infection) 1 . On the contrary other surveys don't verify smoking as an independent risk factor 11 . Certainly smoking has to be ceased at least 4 weeks prior to elective surgery 1, 6, 9, [11] [12] [13] , as cessation of less than 4 weeks does not impact the overall infection risk. A nicotine replacement combined with behavioral therapy yields the best results 6 .
Immunosuppression
Immunocompromised patients (HIV-infection, malignant lymphoma, chronic haematopoietic disease/insufficiency) or patients under immunosuppressive medication (glucocorticoids, nucleosides analogues, TNF-or CD52 Antibodies etc.) have an increased risk of skin-and soft tissue infections 1, 14 . These patients show not only a high infection rate but also a broad spectrum of infectious agents. Prevention strategies should be targeted at the preoperative reduction of the immunosuppression as well as at appropriate antimicrobial prophylaxis and the potential antimicrobial therapy 1 .
Infection / Colonization with (potentially) pathogenic bacteria
Urinary tract infections or colonization with potentially pathogenic bacteria like S. aureus is a known risk factor for SSIs 1, 15, 16 . Distant site infections (pulmonary/urinary system, gastrointestinal tract) should be screened and aggressively treated perioperatively 1 . MSSA-carriers are 2 to 3 times and MRSA-8-10 times more likely to have an SSI 6 . Most Staphylococcus aureus infections moreover are endogenously acquired, and treatment of nasal carriage is one potential strategy for prevention 17 . A screening test with a PCR-analysis should be conducted by high-risk patients 5 days prior to surgery with a corresponding therapy with 2% muripocin ointment intranasally combined with 2% chlorhexidine gluconate showers for 5 days by an MRSA colonization 1,6 .
Non-compliance / Urinary incontinence
An urinary incontinence, as well as non-compliance, were found independently associated with increased risk of SSI 6, 18 .
Procedure-related risk factors
The prevention measures have to target also risk factors that are not related to the health status of the patient. There are specific guidelines for the prevention of hospitalacquired infections, which are divided into pre-, peri-und postoperative measures 1 .
Preoperative measures:
Preoperative hospital length of stay
The preoperative hospital length of stay is associated with an increased risk for SSIs 1, 14, 19, 20 . Thus the length of stay before the surgery should be as short as possible 1 .
Preoperative antiseptic shower
The skin is not sterile. Actually there is a permanent colony (resident flora) that inhibits fungal infections as well as the establishment of harmful bacteria. Bacteria that are transferred to skin from the environment or other people and stay there temporary are called transient flora. Aim of the washing is to remove the transient flora and some of the resident flora. Reducing /removing the skin microflora by preoperative bathing or showering with skin antiseptics is however unclear whether it reduces the incidence of SSI 9 . The conducted surveys failed to find significant data that would justify the preoperative antiseptic shower as a prevention measure against SSIs 1, 6, 9 . The clinical studies are currently contradictory [21] [22] [23] . As a result a preoperative bath with skin antiseptics is not recommended. However a carefully washing in the operating theatre to remove soil is advisable 1 .
Antiseptic dressings
Chlorhexidine impregnated dressings in orthopaedic surgery (in historical controlled studies) applied to the surgical site the previous night or the morning of the surgery have shown a significant reduction in SSI rate 6 . Unfortunately, there is no data regarding the spine surgery specifically.
Preoperative skin shaving vs. chemical depilation
It has been shown that skin shaving, especially 24h or more before the surgery, is responsible for microscopical lesions that serve as a point of entrance for bacteria and consequently increase the wound infection rate 1, 24, 25 . For elective procedures, it is recommended to use a depilatory cream on the previous day, although the chemical depilation could cause skin irritations or allergic reactions. The skin shaving should be performed only by surgical-technical necessity 1 .
Perioperative measures:
Skin antisepsis
The skin preparation with antiseptics just prior to incision aims at the removing of bacteria of the surgical field. For the skin, sterilization are used different preparation solutions. The most commonly are iodine and chlorhexidine combined with isopropyl alcohol compounds 6 . The ideal preparation solution is unclear, although according to a meta-analysis alcohol-based preparations are likely superior to aqueous solutions. Additionally, chlorhexidine compared to povidoneiodine may decrease SSI rates 6 . There is no evidence regarding the application of the solution (from the centre to the periphery) on the surgical site 1 .
Surgical hand antisepsis
Hand antisepsis of the surgical staff in order to remove the skin mikroflora prior to procedure is an established prevention measure against SSIs. There are, like in patient skin sterilization, different types of hand antisepsis and antiseptic agents: 1) Aqueous scrubs with chlorhexidine gluconate or povidone iodine and 2) alcohol rubs, which are performed with alcohol-based agents. The effectiveness of the alcohol agents is based on their concentration (60-90%) 7 . Other antiseptic agents are quaternary ammonium compounds, hexachlorophene, triclosan, and chloroxylenol. By conducted studies, there was an evidence of low quality that chlorhexidine-gluconate scrubs reduce the numbers of the colony-forming units (CFUs) more effectively compared to povidone iodine (Furukawa 2005, Herruzo 2000, Perreira 1990) 7 . Moreover it was shown that alcohol rubs with additional antiseptic agents may reduce CFUs more than aqueous scrubs, although there was no firm evidence. On the other hand chlorhexidine antimicrobial activity is slower than that of alcohol but more persistent, as it binds to the outermost layer of skin (Larson 1990) 7 .
As the alcohol agents do not remove surface dirt 7 , it is recommended for visually dirty hands to perform a prewash, which however should not be performed just before the alcohol rub, as the hand moisture reduces its activity. This pre-wash should instead be performed by entering the changing room 1 . It is remarkable that alcohol, as well JRPMS as chlorhexidine, are not sporicidal 1 . In case of potential contamination with bacterial spores, it is important the prewash to be performed with other antiseptic agents.
Regarding the use of hand brushes and nail picks, they are not recommended, as firstly there was found no clear difference in the number of CFUs 1,9 , and secondly, they can damage skin 9 (ACORN 2012, AfPP 2011, AORN 2010, WHO 2009).
Of course, rings/jewelry and long or artificial fingernails are not allowed, as they increase the gloves perforation risk and the risk of harboring of pathogens. The hands shall also be dry by putting the gloves on. This reduces the risk of gloves perforation and of skin irritation and increases the antimicrobial activity of alcohol rub 1 .
Regarding to the duration of hand antisepsis there was an evidence of a reduced number of CFUs by a 3-minute scrub compared to a 2-minute one (Wheelock 1997) 7 . As for the alcohol rub there is a recommendation from the Robert-Koch-Institution in Germany of at least 3 minutes hand disinfection (EN 12791) 1 .
Surgical drapes and incision drapes
Besides the sterile surgical drapes, incision drapes are used in orthopaedics often to reduce the contamination rate of the surgical site. However the usefulness of incision drapes is doubted 1, 26 . In addition a non-reliable adhesion to skin can lead to retention of potential contaminated body fluids 1 .
Surgical gloves
Double gloving has been proven to be an important preventive measure in orthopaedic surgery. Especially the removal of outer gloves prior to handling instrumentation in lumbar spine fusion with posterior approach showed a significant reduction of SSI 6 . Additionally the double gloving reduces the risk of SSI in cases of perforation of outer gloves 6, 27 whereas indicator gloves of different color allow an early detection of perforation 6 .
Perioperative antibiotics
The perioperative antibiotic prophylaxis reduces the risk of SSIs 1,6,28-30 . The timing of dose administration is critical and should be from 2h till 30min prior to incision 1 . According to recent studies the administration of antibiotics within the last 30min prior to incision decreases significantly the rate of SSI 6 . In cases where the surgery duration exceeds the 3-4h, the administration of another dose is recommended 1 . Antibiotic prophylaxis over the first 24h is not recommended 3, 6 .
The type of antibiotic prophylaxis is associated with the bacteriological background of SSIs 1 . Generally is used a broad spectrum antibiotic, commonly a first-or secondgeneration cephalosporin (or clindamycin in case of penicillin-allergy), which targets gram-positive bacteria and especially Staphylococcus aureus 1, 3, 6 . Vancomycin should be administered in patients with MRSA colonization 3, 6 and not routinely 3 . In paediatric deformities like neuromuscular scoliosis or in lumbar/sacral spine surgery gram-negative bacteria should be appropriate targeted 31 .
Surgical clothing
Sterile single-use or impregnated surgical scrub suits, as well as surgical masks and caps, are of great importance for the prevention of SSIs 1 .
Asepsis and surgical technique
The duration of the surgical procedure is associated with the risk of a SSI 3, 16, 32 . A longer exposure of the wound, an extended trauma with more than one surgical levels as well as a CFS leak or a dural tear increase the infection rate 1, 6, 16, 33 . It is remarkable that at 5 hours of surgery there is a proven recontamination of the surgeon's hands with detectable recolonization, which demands gloves changing after 3h 34 and rescrubbing after 4,5h 35 . In addition the use of spinal instrumentation as well as the number of surgical sutures and of the devitalized tissues are associated with higher inflammation rates 1,6 . Concerning separate blades, which are usually used for incising the skin and deeper tissues, its usefulness is not verified from bacteriological studies 1 .
A relative recent issue is the minimal invasive spine surgery (MIS) as only a small volume of deep tissue is exposed. Due to the small working surgical field, the potential dead space and the deep infection rates in MIS are proven to be lower 28, 29 . However MIS is a demanding technique with a long learning period and consequently increased surgical duration and complications during this period 30 .
In regards to posterior surgical approaches it has been shown an increase 3 to 8 times of SSI compared with an anterior approach [36] [37] [38] . Thoracic und lumbosacral surgery as well as an elevated invasiveness index increase significantly the SSI rate 39 .
It is also well documented that an increased number of persons in the operating theatre during the surgical procedure is correlated with high SSI rates 40 .
Betadine wound-irrigation
Betadine is a known antiseptical solution, which is used to sterilization/antisepsis of the skin and the wounds. In dilutions of 0,5-4% it has an effectiveness against pathogens, including MRSA, whereas in dilutions of more than 5% it has a cytotoxicity 6 . In spine surgery, it has been proven that the use of 3,5% Betadine to wound irrigation reduces significantly the SSI rate without adverse outcomes 3, 6 . Wound-irrigation with Betadine in 3h intervals is recommended 41 .
Intra-wounds antibiotics (IWA)
The use of IWA in spine surgery and especially of vancomycin-powder has minimal systemic exposure 1, 42 and therefore a low rate of associated nephrotoxicity and ototoxicity 43 , allowing higher drug levels within the surgical site 1, 42, 44 . Its use has shown a non-significant decrease of the SSI levels 41, 45 . Therefore the use of IWA is recommended from the North American Spine Society only in patients with comorbidities or for those undergoing complicated spine surgery 46 . The development of vancomycin-resistant S. aureus is a concern by MIC of vancomycin below 4 μg/ml 47 .
Another concern is the increased risk of pseudarthrosis by local vancomycin use, as it declines the Ph and consequently, the osteoblast activity at concentrations over 3 mg/cm 2 , whereas concentrations of 6 mg/cm 2 are associated with significant cell death, due to acidic pH 43 . However early studies about the lumbar fusion between patients with IWA and control groups didn't find a significant difference 47 .
Wound drainage
The drainage systems are divided into open and closed systems. The first ones are responsible for increased SSI rates and are not recommended, whereas the usefulness and the infection risk of the closed suction drainage are controversial 1 . It is known that the formation of postoperative haematomas can increase the SSI rate, as haematomas provide an excellent culture medium for bacteria 48 , increase potentially the incision tension and the spinal cord compression and finally can delay the wound healing 49 . A clinical study with the use of MRI showed a significantly lower size and incidence of haematomas on first postoperative day by closed suction drainage systems, however without significant difference in the clinical outcome at 6 months follow-up 50 . Neither the clinical studies found a significant difference concerning postoperative infection rates, wound dehiscence, blood loss or epidural haematomas between patients with or without closed drainage after a non-complex lumbar surgery 48, 49, 51 . The dressing saturation was higher in patients without drainage 60 . The routine use of closed suction drainage in single-level lumbar decompression should thus be avoided, as they can potentially cause a retrograde infection 49 . Their need for multiple level decompression, instrumentation surgery, anticoagulant therapy, trauma, and tumors or metastases has to be clarified 49 . When needed, they should be placed through a different incision and they should be removed as soon as possible 1 .
Metastatic spine surgery
The rates of SSI in spine surgery for tumor resection are increased 18 . In cases of metastatic spine surgery is recommended an immediate postoperative soft tissue reconstruction by plastic surgeons, in order to achieve a wound healing and prevent SSIs 52 . Intra-wound vancomycin, as well as percutaneous instrumentation (pedicle screws), could also be used in those patients 9 .
C-arm contamination
In a conducted study, cultures were obtained from the drapes of a C-arm in 25 cases of spine surgery 45 . It was found a contamination of the drapes in all cases. As a result all areas of a C-arm, especially the upper ones, should be considered intraoperatively non-sterile 6 .
Antibiotic impregnated sutures -iodine coated implants
A recent innovation in the prevention of SSI in spine surgery is the iodine coated implants 42 as well as the use of antibiotic impregnated sutures, which prevent bacterial adherence. The cost of the impregnated sutures are very high but an economic benefit could be achieved by prevention 1 SSI per 200 procedures per year. As for the iodine coated implants is a very promising technology with significant reduction of the SSI rate, however it is not yet trialed in large series 52 .
Normothermia, euglycemia, oxygenation
Among the measures that have to be taken peri-and postoperatively are the normothermia 1 , the euglycemia and the preservation of a good oxygenation of the patient. Hypothermia during a surgical procedure increases the infection risk 1, 6 , whereas warmed patients sustain fewer infections and require fewer antibiotics 6 . Regarding glycemic status, there is evidence that supports the decrease of SSI after successful management of perioperative hyperglycemia 6, 44, 53 . Last but not least was found that oxygen fraction of less of 50% intraoperatively increased 12 times the likelihood of SSI 6 .
Postoperative measures:
Wound dressings
The wound dressings provide physical support, protection from bacterial contamination and absorb exudate 8 . They are divided into basic, advanced and antimicrobial / silverimpregnated dressings. They support the wound-healing, thus preventing a SSI. Studies didn't show a significant difference in SSI rate between dressing removal after 48h and delayed dressing removal (with continued dressing) 8 . Dressings, if not saturated, should be left in situ for 24-48h, in order to avoid a fibrin injury.
Wound vacuum dressing
The medical vacuum systems should be used in not primary closed wounds, as they improve tissue perfusion and oxygenation and reduce wound edge tension, thus enhancing wound healing 18 . However its' use in cases of potential epidural bleeding needs further investigation 48 .
Surveillance
Surveillance and interpretation of clinical, laboratory and radiological findings 1 is important for an early diagnosis of complications and the prevention of a SSI.
Conclusion
The prevention of an inflammation in spine surgery is of outmost importance, as an infection can have devastating results. It requires the cooperation of the surgeon with the GP, the anesthesiologist, the surgical staff and the ward nurses, in order to minimize the inflammation risks. Carrying out the preventive measures mentioned above reduces the rates an SSI and improves the quality of life of patients.
